Background: In the present study, we aimed to compare laparoscopic hepatectomy (LH) with open hepatectomy (OH) approach in patients with regional hepatolithiasis (RHL) using meta-analytical techniques. Methods: A systematic review of the literature was performed to identify studies comparing LH and OH in the management of RHL. Operative parameters, postoperative outcomes, and postoperative complications were evaluated. Meta-analysis was performed using Review Manage Version 5.0 software. Results: Nine studies matched the selection criteria, which included 719 patients (LH ¼ 333 and OH ¼ 386). LH was associated with shorter hospital stay (p < 0.00001), earlier oral intake (p < 0.00001), and fewer complications (p ¼ 0.01). No significant statistical divergences were found between the LH and OH groups in terms of operative time (p ¼ 0.48), blood loss (p ¼ 0.07), intraoperative transfusion rate (p ¼ 0.69), initial stone clearance rate (p ¼ 0.33), and postoperative stone recurrence rate (p ¼ 0.23). Conclusion: LH for regional hepatolithiasis appears to be a promising treatment modality for patients with intrahepatic stones. However, large numbers of patients and prospective, randomized, controlled studies are required to lead to a more comprehensive comparison of the two procedures.
Introduction
Hepatolithiasis is a disease endemic to Southeast Asian countries. 1 Regional hepatolithiasis (RHL) was defined as stones locally distributed in one or several hepatic segments along the intrahepatic biliary tree, which is often complicated with hepatic duct stenosis in the affected area, as well as with atrophy of the involved hepatic segments. 2 Hepatectomy is deemed to be the most effective strategy for regional hepatolithiasis because it can simultaneously remove stones and biliary stricture, thus reducing the risk of recurring stones. 3, 4 Laparoscopic hepatectomy (LH) was first introduced by Garner et al., in 1992. Since then, laparoscopic surgery has been increasingly reported. 5e7 Although LH has been advocated because of its advantages in the treatment of patients with RHL, only a few firm evidences supporting its safety and usefulness are available. To our knowledge, only a few trials have compared the outcomes of LH with those of OH in patients with RHL, 8e16 and the use of laparoscopic surgery for the treatment of RHL remains controversial because of its technical difficulty and insufficient data associated with stone clearance.
Therefore, in the present study, a systematic review and a meta-analysis were conducted, which aimed to evaluate the technical safety and oncologic feasibility of laparoscopic Conflicts of interest: The authors declare that they have no conflicts of interest related to the subject matter or materials discussed in this article.
surgery for the treatment of RHL compared with that of conventional OH from published literature.
Methods

Study selection
A systematic review of four databases, including PubMed/ Medline, Ovid, Embase, and Cochrane library databases was conducted to identify all studies published up to December 2015 that compared LH with OH for patients with RHL. We adhered to the 2009 preferred reporting items for systematic reviews and meta-analysis (PRISMA) statement. The following MeSH terms were used: "Laparoscopy" or "hepatolithiasis" or "hepatectomy" and "open" or "hepatectomy" and "hepatolithiasis." References from the retrieved articles were also manually reviewed for data extraction. Two authors independently carried out the electronic bibliographic research in accordance with the validated methods of the PRISMA statement. 17 
Inclusion and exclusion criteria
Inclusion criteria for all eligible studies included that comparison of the outcomes of LH with that of OH for patients with RHL and reporting at least one of the measured outcomes that were referred to as follows: when two studies containing overlapping patients were reported from the same institution or authors, either the higher quality paper or the most recent publication was included in the analysis unless an older publication had more measured outcomes or an RCT publication. The exclusion criteria included studies that contained limited information, cases reports, and results that were not published in English language.
Data extraction
Relevant data including authors' names, published journals, study duration, participant demographics, measured outcomes, and duration of follow-up were extracted and documented on a separate sheet for each publication. If possible, the first or corresponding author was contacted to obtain supplementary information in case of missing data or inaccurate information.
Outcome of interest
The following outcomes were used to compare LH with OH:
1. Operative parameters: operative time (min), blood loss (ml), transfusion rate, and initial stone clearance rate. 2. Postoperative outcomes: length of hospital stay (day), time to return to oral intake (day), and stone recurrence rate. 3. Postoperative complications
Quality assessment
Checklists were used for the extraction of data and for the assessment of the methodological quality by the reviewers.
The methodological quality of the eligible RCTs was assessed by individual components on the basis of the Cochrane risk of bias tool 18 and that of the non-RCTs was assessed by the modified NewcastleeOttawa score, 19 which allocates a maximum of nine points each to patient selection, comparability of the two groups (LH and OH), and outcome assessment. Two authors independently examined the studies. The same consensual process mentioned above was used to resolve disagreement.
Statistical analysis
The Review Manager 5.0 statistical package was used to perform statistical analysis of the data, and heterogeneity was assessed between studies using I2, with p < 0.10 for the test level of statistical significance. Meta-analysis of continuous variables was conducted with the inverseevariance statistical method using mean difference (MD), whereas dichotomous variables were analyzed using the ManteleHaenszel statistical method using odds ratio (OR) as the summary statistic. Both were reported with confidence intervals (CI) of 95%. The MD and OR were both considered to be statistically significant at the level of p < 0.05 if the 95% CI did not include the value "1".
Results
Characteristics of all eligible studies
The PRISMA flow chart of literature review is summarized in Fig. 1 . A total of 92 potential articles published between 1999 and 2015 were identified from the literature searches. Of these, 13 articles were selected on the basis of their titles and abstracts, and a holistic examination of the text was performed. Nine 8e16 studies including one RCT 14 matched the selection criteria and were suitable for meta-analysis, including 719 patients (LH ¼ 333, OH ¼ 386), respectively. The characteristics of these studies and methodological quality assessment scores are summarized in Table 1 .
Measured outcomes
Meta-analysis results from all eligible studies that compared LH with OH with respect to surgery-related parameters, postoperative parameters, and postoperative complications are summarized in Table 2 .
Surgery-related parameters
All the nine 8e16 studies reported data on operative time, and the meta-analysis revealed that no statistical difference was found between LH and OH (MD ¼ 6.28; 95% CI, from À11.03 to 23.59; Fig. 2A ), although there was heterogeneity between studies (p < 0.0001) and no difference was found when a fixed-effects model was used. Seven studies 8e12, 14, 16 reported on the blood loss, which was found to be less in the LH group compared with the OH one by 63.03 ml (95% CI, from À131.20 to 5.13; Fig. 2B ). However, this finding was not associated with significant difference between studies (p ¼ 0.07). Blood transfusion has been illustrated in four studies, 9, 11, 12, 16 and the meta-analysis revealed that no statistical difference was found between LH and OH in the transfusion rate (OR ¼ 0.88; 95% CI, 0.46e1.67; p ¼ 0.69; Fig. 2C ), respectively. Six studies 8e12, 16 analyzed the initial stone clearance rate, which was not found to be significantly different between groups (OR ¼ 1.36; 95% CI, 0.73e2.54; p ¼ 0.33; Fig. 2D ).
Postoperative parameters
Most studies reported on the time to return to oral intake after surgery and suggested earlier in the LH group. Metaanalysis of available data from two studies 8, 16 revealed a statistically significant earlier time to oral intake by 0.67 days in LH when compared with the OH group (95% CI, 0.46e1.67; p < 0.0001; Fig. 3A ), but this finding was not associated with significant heterogeneity when all available studies were used for pooled analysis (p ¼ 0.27). All studies 8e16 reported on the duration of hospitalization, which was found to be significantly shorter in LH group compared with the OH group by 4.72 days (95% CI, from À6.81 to À2.63; p < 0.0001; Fig. 3B ). This finding was associated with significant heterogeneity between studies (p < 0.0001). Postoperative stone recurrence rate was recorded in seven studies, 8e13,16 which was found to be not significantly different in the LH group compared with the OH group (OR ¼ À0.02; 95% CI, from À0.05 to 0.01; p ¼ 0.23; Fig. 3C ), and this finding was not associated with significant heterogeneity between studies (p ¼ 0.37).
Postoperative complications
All included studies reported on postoperative complications. The complication in the LH group was statistically significantly lesser by 0.58 than that in the OH group (95% CI, 1.68e6.89; p ¼ 0.01; Fig. 4 ), without significant heterogeneity between studies (p ¼ 0.46). LH was associated with shorter hospital stay (p < 0.00001), earlier oral intake (p < 0.00001), and fewer complications (p ¼ 0.01). There were no significant statistical divergences observed between the LH and OH groups in terms of operative time (p ¼ 0.48), blood loss (p ¼ 0.07), intraoperative transfusion rate (p ¼ 0.69), initial stone clearance rate (p ¼ 0.33), and postoperative stone recurrence rate (p ¼ 0.23).
Publication bias
The funnel plot of the present study based on postoperative overall complications is shown in Fig. 5 . All studies lay inside the limits of the 95% CIs and are more evenly vertically distributed, showing no evidence of publication bias.
Discussion
Summary of evidence
During the past decade, the evolution of minimally invasive approaches represents one of the most significant advances in the field of surgery. Several studies have shown that laparoscopic approach to hepatectomy has been associated with a reduction in postoperative pain, morbidity, faster recovery, and early discharge compared with conventional open liver resection. 20, 21 However, technological challenges attributable to adhesion to adjacent tissue or altered structure caused by chronic inflammation restrict the laparoscopic approach to hepatolithiasis. Furthermore, initial evidences in support of LH in the management of RHL were mostly in the form of single-institution case series and thus limited by their sample size. A meta-analysis that compared LH and OH had not yet been performed. In the present study, the results of the metaanalysis of the nine studies suggest that patients undergoing LH, compared with those undergoing OH, have earlier oral intake, shorter hospital stay, and fewer complications. The meta-analysis showed no statistically significant differences between the two groups in terms of operative time, estimated blood loss, intraoperative transfusion rate, initial stone clearance rate, as well as postoperative stone recurrence rate. 
Safety and feasibility
Generally, the left lobe of the liver is vulnerable to hepatolithiasis. In cases where hepatolithiasis is restricted to only the left lobe, left hemihepatectomy is undoubtedly a suitable procedural choice. It possesses the low risk of severe operative complications and eliminates the sources of left-sided hepatolithiasis, such as strictures. 22, 23 In contrast, right-sided hepatolithiasis incorporates a low incidence and commonly characterizes bile duct strictures throughout the hilar area. In addition, it carries a higher frequency of bilateral stones, thus reducing the suitability of hepatectomy as an alternative therapy. 24 Depending on the position of the lesions, most laparoscopic hepatectomies are in fact constrained to cases when only one or two segments exist from the lateral area incorporating to Couinaud from the second to sixth segment. 16 In addition, significant laparoscopic liver resection, including right hemihepatectomy, was conducted by a small number of specialists, with comparable safety and effectiveness to open surgery being previously revealed only in some extremely specialized centers. Nevertheless, laparoscopic left lateral liver resection is usually recommended as a gold standard for resection of lesions positioned in the second and third segments. 25 
Limitation and recommendation
The strength of this review is acknowledged in that it provides a comprehensive comparison of LH with OH. To our knowledge, this is the first meta-analysis to expound this important issue. However, this meta-analysis has some limitations that should be taken into consideration. The strengths and limitations of meta-analytical techniques have been a source of considerable debate. Besides, only one RCT was included in the meta-analysis, and the calculated results from such non-randomized comparative studies may have numerous biases. In addition, the retrieval is limited by the language and the search terms. The retrieval may be incomplete, and some of the conclusions may require to be further validated by large sample and high-quality clinical research. Significant differences were found between the evaluation measures and measurement tools in the study group (operative time, blood loss, hospital stay), which may lead to heterogeneity among the studies. Finally, some important parameters were measured in an even smaller proportions of articles, which may lead to uncertainty of the credibility of the results.
In conclusion, pooled analysis confirmed that LH is feasible and safe for the management of RHL. In the present study, LH did not significantly differ from open surgery in terms of operative time and stone clearance rate, and it has several advantages of rapid postoperative resumption, such as earlier oral intake, shorter hospital stay, and fewer complications. However, further prospective controlled studies are required for a more comprehensive study between the two procedures in the future.
